The detonation velocity is one of the principal characteristics of energetic materials. Therefore, computer search for structures of materials with high detonation velocity is a very urgent problem. We formulated the following task: to elaborate a concept of computer design and subsequent screening of target structures with high detonation velocities.
Introduction
Methods of computer chemistry are presently widely used for predicting structures of substances with the given characteristics. This fact is easy to understand: computer has fantastic potentialities for enumerating structural isomers
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1995441 generated from the given molecular formula. For example, 217 isomers correspond to the composition C6&. Thus, theoretical computer design and subsequent computer screening turn out to be more efficient (from the economic standpoint) than direct synthetic search.
In addition, the "computer brain" has no accepted stereotypes (which often determine the direction of search for specialists in synthetic chemistry), and we should expect that computer chemistry will provide us with nontrivial structures possessing extremum characteristics.
The objective of this study was computer search for structures of compounds with high detonation velocities.
However, solving the problem of computer screening for compounds with high detonation velocity, we encountered the problem of different errors in velocity calculations. These errors depend on the inaccuracy of estimating the physicochemical characteristics that are used for calculating the velocity: energy content and molecular crystal density of the structures in question. Therefore, we had to study how the errors emerging at the micro level of computer search for compounds with high detonation velocity (i.e., during calculations of formation enthalpies and molecular crystal densities) affect to accuracy of calculations with respect to macro level characteristics (the macro level is the level of computer screening by detonation velocities and subsequent selection of the target structures).
This study does not touch upon the mechanism of such a complex phenomenon as detonation. It only considers, so to say, the purely "pragmatic" aspects of the relationships between the molecular and macroscopic levels of this phenomenon: the relationship between the calculated characteristics of the micro level (enthalpy of formation and molecular crystal density) with the calculated characteristics of the macroscopic level. So, we analyzed the possible sources of errors in such calculations by several particular examples, trying to trace the "pedigree" of the errors from the micro level to some detonation characteristics of the macro level.
Methodology
The present state of our concept and the program package for computer search of promising structure [l] are illustrated by Fig. 1 This study illustrates the whole concept of search for structures of high-energy compounds with high detonation velocities by the example of caged-type compounds from the adamantane and wurtzitane series.
The problem was formulated as follows: starting from the gross formulas of adamantane CIOH16 and wurtzitane C12H18, find their potentially interesting nitroamino derivatives [ 2 ] . The principal parameter characterizing the compounds was their detonation velocity, which is known to be directly related to energy content and crystal density.
From the structural viewpoint, the energy content is determined [3] by the optimum number of quaternary andlor tertiary carbon atoms, tertiary nitrogen atoms, condensed rings, and also by the presence of explosophoric groups. The crystal density depends on the molecule's own symmetry and is usually higher for
The first step consisted in the generation of constitutional isomers,represented by molecular graphs. Among all the molecular graphs that could be found for the given gross formulae of the adamantane and wurtzitane series, we considered only those which obeyed the restrictions specified in [2] .
Using the GEM program [2] and the conditions for selecting the appropriate structures, we finally sorted out 11 isomers for the adamantane series and 49 isomers for the wurtzitane series. Afterwards, we estimated the energy content of these molecules by computational methods of quantum chemistry and selected 3 isomers from the adamantane series and 5 isomers from the wurtzitane series as the most promising. Then, we considered their hexaazahexanitro derivatives:
namely, only those which preserved maximum molecular symmetry after the insertion of six nitroamino groups into the skeleton (Table 1) .
At the second step, the MOLGEO [2] program converted the isomers from twodimensional molecular graphs into possible 3-dimensional molecular models.
MOLGEO rapidly generates acceptable 3-dimensional Cartesian coordinates of C4-509 At the third step, the molecular geometry of the generated structures was refined, and the enthalpy of formation was estimated by subsequent application of the molecular mechanics method -the MM2 program [S] and the PM3 [6] quantum chemical method for the compounds in gas phase.
Then, we calculated molecular crystal densities of the resultant structures and their sublimation enthalpies, using the method of Atom-Atom Potential Functions (AAPF) [7, 8] . Calculations of sublimation enthalpy for the crystals of the resultant compounds enabled us to estimate the energy content of these substances in the solid state and, afterwards, to calculate their detonation characteristics and combustion parameters.
However, the accuracy of estimating the detonation characteristics is very much dependent on the accuracy of calculating the energy content and molecular crystal density of the structures in question. Therefore, to reach our principal goal (the search for structures with high detonation velocities), we had to evaluate, so to say, the pedigree of the errors from the micro to the macro level. For this purpose, we first estimated this pedigree of errors by high-energy compounds, where a good experimental basis is available for such estimates and for "tracing" the resultant errors from the micro to the macro level. We selected hexogen (RDX) and octogen (HMX) as such "expert" compounds.
Results and discussion Table 1 shows some characteristics of our compounds, as well as their principal calculated parameters of detonation and combustion.
On the whole, all the potential skeletons that obtained during directed computer Table   4 . If we take the calculated density (2.1 g/cm3 [3] ) and the enthalpy of formation (99.3 kcal/mol [16] ), then the average inaccurasy of detonation velocity is 4 m/s for the error in formation enthalpy of 2 kcal/mol and 127 m/s for the density error of 0.04 g/cm3.
Thus, results of our calculations and their analysis let us conclude that errors in the calculated detonation velocity mostly depend on errors in molecular crystal density calculations rather than on errors in energy content calculations.
Conclusion
It may be noted that errors in energy content calculations only moderately affect the resultant errors in calculations of detonation characteristics, whereas the effect of errors in molecular crystal density calculations is very notable. A logical conclusion Table 2 The results of the TIGER-calculations compared to results of calculations accoding to scheme [I 0,11,12] Table 3 The results of the TIGER-calculations compared to results of calculations according to scheme [10, 11, 12] (in brackets) for the octogen (HMX). follows: high-precision calculations of detonation characteristics at the macro level require accurate calculations of the molecular crystal density. To a smaller degree, the errors depend on the inaccuracies in determining the energy content of compounds.
On the whole, we should note that our concept of computer search for structures of compounds with high detonation velocities may be efficiently used both for computer generation (with subsequent screening) by other molecular formulas and for computer search aimed at structures with other desired properties (for example, high impulse of launching ability, definite heat stability, or given sensitivity parameters).
